Dlx (distal-less gene) homeogenes encode transcription factors that are involved in the patterning of orofacial skeleton derived from cephalic neural crest cells. In order to study the role of DLX genes during embryonic development in human, DLX5 expression pattern was investigated in 6-to 11-week-old human embryos. A DLX5 PCR fragment was amplified from a human dental cDNA library subcloned and used for in situ hybridization investigations. DLX5 gene expression was primarily detected in the mandible at 6 weeks and then, after in the maxilla. DLX5 gene expression became restricted to progenitor cells of developing tooth germs, bones and cartilages of mandible and maxilla. During odontogenesis from bud to late cap stages, DLX5 transcripts were present in both dental epithelium and mesenchyme tissues. DLX5 expression was restricted to few cells in the vestibular aspect of the dental epithelium, while DLX5 mRNA signal was more widely distributed in dental mesenchyme. The observed expression pattern of DLX5 homeogene extends the proposed site-specific combination of homeogene expression in neural crest derived cells to human specific dentition. Furthermore, during the bud and cap stages of tooth morphogenesis, the asymmetric expression of DLX5 in the dental epithelium and dental mesenchyme may contribute to the complex patterning of human tooth shape.
The present study provides data on the site-specific combination of homeogene expression in neural crest derived cells which would control the position and the type of skeletal units during orofacial development (Thomas et al., 1998; Weiss et al., 1998) . The prominent expression of DLX5 in the human mandible at the tooth initiation stage supports the fact that Dlx5/Dlx6 homeoproteins may specify distinct populations of mandibular neural crest derived cells as shown in Dlx1/Dlx2 double mutant mice Thomas et al., 1997) .
During the formation of dental lamina and early tooth development, epithelial and mesenchymal DLX5 expression areas joined at the dental lamina site. This epithelial zone corresponds to the boundary between the oral epithelium and the endoderm and may specify the site of tooth formation via the expression of growth factors and homeogenes (Neubüser et al., 1997; Imai et al., 1998) .
From bud to cap stages, DLX5 was restricted to the vestibular aspect of dental epithelium. Spatial restrictions of gene expression in tooth germ are observed with most factors involved in tooth development (Thesleff and Sharpe, 1997) and result from reciprocal inductions (Hardcastle et al., 1998; Jernvall et al., 1998) . At the cap stage, the enamel knot has been proposed to control dental morphology, based on its strong expression of FGF4, BMP2, BMP4 and their regulation of homeogene expression, cell proliferation, and apoptosis (Vaahtokari et al., 1996; Jernvall et al., 1998) . The focused DLX5 expression in vestibular aspect of dental epithelium may correspond to an other organizing center involved in the vestibular/lingual tooth polarity during human tooth formation (Figs. 1 and 2). In dental epithelium (DE), the stellar reticulum (SR) is strongly labeled in vestibular (asterisk) and more diffusely in lingual (star). The outer enamel (OEE) and inner enamel (IEE) epithelia and the enamel knot (EK) are not labeled. A strong in situ hybridization is observed in dental papilla (DP). The follicular sack (FS) and oral epithelium (OE) are not labeled. Scale bar, 50 mm.
Material and methods

Tissue collection and preparation
A restricted collection of human embryos was obtained from legally approved medical abortions in the Robert Debré Hospital Obstetric Department. The project has been carried out under the approval of the French Ethic National Committee in the context of the bioethical laws which define precisely the human study protocols. The fetuses studied ranged from 6 to 11 weeks of gestation. Samples were fixed by immersion and they were then processed as previously described (Davideau et al., 1996) .
In situ hybridization
A partial (500 bps) human DLX5 probe was isolated from a human third molar cDNA library constructed as described previously (MacDougall et al., 1997) . In situ hybridization was carried out with the PCR fragment of DLX5 subcloned into pCRScript plasmid linearized either with SacI or KpnI (Promega, Charbonnière, France). [ 35 S]UTP-labeled singlestranded antisense and sense probes were synthesized in vitro using T7, and T3 polymerases (Promega, Charbonnière, France). In situ hybridization was performed as described previously (Davideau et al., 1996) . Briefly, cryostat and paraffin sections were pretreated with 7 mg/ml of proteinase K (Sigma, La Vapillière, France), and hybridized with 20 ml of labeled probes containing 60 000 cpm/ml radioactivity, in humid chamber overnight at 50°C, and washed under high-stringency conditions at 65°C. The slides were dipped into NTB2 autoradiographic emulsion (Kodak, Paris, France) and exposed for 5 weeks at 4°C.
